In Croatia and other countries of Central and Eastern Europe, as a consequence of deep financial integration and abolition of capital controls, considerable loans to households indexed to the Swiss franc have emerged. Although all of researchers of the Swiss franc do not agree entirely on whether the Swiss franc is a safe haven currency, its property of continuous appreciation is commonly accepted. There was a continuous appreciation of the Swiss franc over the Croatian kuna. This paper examines the performance of several ARCH-based models for Swiss franc against the Croatian kuna on daily data sets within time period from 1997 to 2010. Evaluating the models through standard information criteria Component ARCH (1,1) is found to be the best-fitting model.
Introduction
Croatia as well as most of Central and Eastern European post-communist countries has entered and finished the process of economic transition from a centrally planned economy to a market economy. Consequently, the integration with the global financial market has deepened. At the same time¸ Croatia experienced higher inflation rate in comparison to Switzerland and the euro area before and after the implementation of the Stabilisation Programme introduced in October 1993. Monetary stability in Croatia has been achieved by the strategy of a stable exchange rate as the nominal anchor for price stability resulting from a restrictive monetary policy with higher interest rates as compared to Switzerland and the euro area. Furthermore, monetary policy that actively smoothes the exchange rate by interest rate policy may create an additional incentive to borrow in foreign currency (Csajb´ok et al., 2009 ). As interest rates in many Central and Eastern European countries were permanently higher than in Switzerland and the euro area, domestic as well as foreign owned banks had started to sell housing loans in foreign currencies, predominately in Swiss francs and euros (Buszko and Krupa, 2015) and the phenomenon of loans with foreign currency clause (LFCC) has emerged 1 . LFCC became very popular in all Central and Eastern European countries over the 2000-2011 period (Temesvary, 2016) . Rapid expansion of LFCC made borrowers directly exposed to foreign exchange risk and foreign interest rate risk that might be transformed into credit risk (currency-induced credit risk). Some recent studies indicate the existence of the relationship between foreign exchange risk and credit risk in Croatia and neighbouring countries (Tanasković and Jandrić, 2015; Dumičić, 2016; Jović, 2016) . The domestic household sector is unlikely to have any income in a foreign currency or to use sophisticated hedging instruments against the exchange rate risk and, therefore, private individuals are directly exposed to foreign exchange risk.
After 2010, the materialization of currency-induced credit has started to occur for LFCC to the Swiss franc as well as the strong growth of non-performing loans (NPLs) after 2011. The fact that a high portion of NPLs belongs to housing loans to private individuals begs the question of a moral hazard. As of 2013, the share of NPLs for housing LFCC to the Swiss franc was 12.5% while NPLs' share for housing LFCC to the euro was 4.5%, (CNB, 2014). Conclusively, the main aim of this paper is to explore the properties of Swiss franc from the Croatian perspective and contribute to honest identification of the existing problem in LFCC.
The remainder of the paper is organized as follows. Section 2 explores the properties of Swiss franc as a safe haven currency. Section 3 shortly describes exchange rate volatilities modelling literature overview. Section 4 briefly overviews the research data and empirical strategy. Section 5 presents applied methodology. Section 6 discusses the results of the empirical analysis and the last section concludes.
Properties of Swiss franc as a safe haven currency
The safe haven status of the Swiss franc has been the subject of many studies. Baltensperger and Kugler (2016) provided extensive historical overview and origins of Swiss franc as a safe haven currency. This property of the Swiss franc is explained by the exceptional political, economic and monetary stability of Switzerland, which leads investors to pay a premium for holding Swiss franc fixedincome assets Weder di Mauro, 2002, 2005) . Empirical literature test for safe haven status directly by analysing dynamics of exchange rate for crisis and non-crisis periods and checking the conjecture of a strong appreciation of safe haven currencies in crisis (Ronaldo and Söderlind, 2010) . De Bock and de Carvalho Filho (2013) find that the Japanese yen and the Swiss franc are the only two currencies that, on average, appreciate against the U.S. dollar during risk-off periods.
Grisse and Nitschka (2015) analysed bilateral Swiss franc exchange rate returns in an asset pricing framework to evaluate the Swiss franc's safe haven characteristics and the results highlight that in response to increases in global risk, the Swiss franc appreciates against typical carry trade investment currencies such as the Australian dollar but depreciates against the US dollar, the Yen, and the British pound. Thus, the Swiss franc exhibits safe haven characteristics against many, but not all other currencies. Coudert et al. (2014) examined negative risk premia in the long run and positive excess returns during financial downturn as criteria for safe haven currency. Over a sample of 26 currencies from 1999 to 2013, the authors point to the JPY and the USD as the only currencies to meet these conditions whereas Swiss franc was found to exhibit a continuous trend of long-run appreciation rather than a specific reaction to global financial turmoil. Figure 1 shows daily nominal exchange rate dynamics for CHF/HRK, EUR/HRK and USD/HRK from January 1997 to December 2015.
A visual inspection of these data series in Figure 1 suggests that, from the Croatian perspective, the hypothesis of continuous Swiss franc appreciation Since volatility essentially represents the cost of carry trade, determining the CHF/HRK pattern behaviour and the corresponding volatility is the focal point of this research.
Brief exchange rate volatilities modelling literature overview
Volatility modelling is an important tool for policymaking, investment analysis, asset pricing and risk management (Narsoo, 2016) . Volatility is considered as being a 'barometer for the vulnerability of financial markets and the economy' (Poon and Granger, 2001; Narsoo, 2016).
The first autoregressive conditional heteroscedasticity (ARCH) model is the one developed by Engle (1982) . The main purpose of the proposed model is to estimate and explain the conditional variance of a time series. Engle (1982) explained the conditional variance as a linear function of lagged squared residuals. The ARCH effects in exchange rates dynamics is consistent with well documented phenomenon of leptokurtosis (McFarland, 1982) . Bollerslev (1986) As illustrated earlier, ARCH based models are frequently employed to examine high-frequency time series of foreign exchange rates as they usually provide a better fit compared to other constant variance models. However, the reviewed literature points to the mixed results regarding a proper ARCH based model specification. In line with previous researches, selection of an appropriate model is the key instrument to determine the CHF/HRK exchange rate pattern behaviour.
Research data and empirical strategy
As in most empirical finance literature, the variable to be modelled is daily exchange rate return which is the first difference of the natural logarithm of the exchange rate and is given by the equation (1): (1) Where r t is the daily exchange rate return and S t and S t-1 denote the Croatian National Bank (CNB) midpoint exchange rate of CHF against HRK at the current day and previous day, respectively. Since the Swiss National Bank introduced the exchange rate peg in 2011, the data span from 1 st January 1997 to 31
st December 2010 is used as a data sample for modelling daily CHF/ HRK exchange rate return. Table 1 shows descriptive statistics for the observed variable.
The results in Table 1 indicate excess kurtoses and skewnesses. Therefore, the probability density function of the CHF/HRK exchange rate returns appears to be leptokurtic, so is more peaked at the centre and has fatter tails compared to that of the normal distribution. Positive value of skewness indicates that data are skewed to the right referring to appreciation of the CHF currency against the HRK. So, following the results in Table1, Generalized Error distribution (GED) will be used rather than the normal distribution which takes into account the phenomenon of leptokurtosis and skewness in the probability density function. Figure 2 shows daily CHF/ HRK exchange rate return from January 1997 to December 2010.
It can be observed from Figure 1 showing CHF/HRK daily return series that the volatility of the return series changes with time. Furthermore, Figure 1 clearly indicates that large changes tend to be followed by subsequent large changes, and The ADF test results in Table 2 indicate that daily exchange rate return is a stationary time series. Since the series is found to be stationary, the next step is to determine if the returns of return series can be forecasted by its own past values. Schwarz information criteria for finding best fitting ARMA model of CHF/HRK mean equation are presented in Table 3 . Following the results in Table 3 , ARMA (0,0) model is found the best fitting model for forecasting the exchange rate and stock returns. Therefore, the conditional mean equation with error term following conditional heteroscedasticity process for CHF/HRK exchange return series is given by equation (2):
After estimating the correct ARMA model, Lagrange Multiplier test (Engle, 1982 ) is applied to see whether any conditional heteroscedasticity (ARCH effect) exists within the model. ARCH LM test results are presented in Table 4 . Table 4 clearly indicate heteroscedasticity of variance and significant ARCH effect at the 1% level of significance. In order to find the best-fitting model several ARCH based models will be tested and compared.
Methodology
Time series of foreign exchange rates often exhibit volatility clustering meaning that high volatility periods tend to be followed by high volatility periods and low volatility periods tend to be followed by low volatility periods. As a result, error terms do not have a constant variance over time and the obtained estimates are inefficient. The literature refers this phenomenon as problem of heteroscedasticity. Besides the heteroscedasticity of variance in error terms, the autocorrelation in squared returns is present. In order to resolve the problem of autocorrelation and heteroscedasticity in financial time series, Engle (1982) introduced the autoregressive conditional heteroscedasticity (ARCH) approach. Following Engle (1982) , conditional variance can be modelled as a linear function of lagged squared residuals and the model of ARCH (1) process is given by equation (3): (3) Bollerslev (1986) extended the basic ARCH model to Generalized ARCH (GARCH) and described the conditional variance by including its own lagged values and the square of the lagged values of the innovations or news. The GARCH (1,1) conditional variance specification is given by equation (4): (4) where ω is a constant term, the ARCH term is the first leg of the squared residual from the mean equation and represents shocks the volatility news from the previous period, and the GARCH term represents the forecast variance from the last period. The ARCH based models are well known to capture the volatility clustering in financial series and parameter that measure the volatility clustering in GARCH model is α + β. In case of α + β < 1, the financial series is weakly stationary. The Treshold ARCH (TARCH) specification developed by Glosten, Jaganathan and Runkle (1993), as well as Zakoian (1994) is employed to test for presence of asymmetric shocks impact. The TARCH model specification for the conditional variance is provided by equation (5): (5) The model is designed to capture different effects on the conditional variance of exchange rate returns from unexpected changes in the exchange rate returns given in terms of . So, the extension of GARCH model in equation (3) by including a threshold term gives TARCH specification. In TARCH model specification, = 1 if < 0, and = 0 otherwise. In this model, an upward innovation means < 0 has an impact of α and downward or negative innovation > 0 has an impact of α+γ. If γ >0, a negative innovation increases volatility and indicate presence of leverage effect. If γ≠0, the influence of innovations on the series returns is asymmetric. Higgs and Worthington (2005) found that that volatility tends to rise in response to positive shocks and fall in response to negative shocks, which is an asymmetry that runs counter to the effects generally observed in financial markets. Nelson (1991) provided another ARCH based specification of the conditional variance in logarithmic form called Exponential GARCH (EGARCH) and provided by equation (6): (6) EGARCH specification implies that any leverage effects are exponential and the forecasts of conditional variance are non-negative. The conditional variance is represented as a function of the past standardized innovations. The form of the equation presents the conditional variance as an exponential function of the variables under consideration. In case of γk ≠ 0 the influence is asymmetric and the presence of leverage effects is indicated by γk < 0. The exponential form of EGARCH ensures that unexpected shocks will have a stronger influence on the predicted volatility than in TARCH model specification. The Power ARCH (PARCH) specification developed by Ding et al. (1993) provides generalized transformation of the error term in the models. The PARCH specification is provided by equation (7):
The power parameter δ in this model specification is not imposed but estimated while threshold parameter γ is included to capture the potential existence of the asymmetry. Some special cases of PARCH model specifications includes Bollerslev (1986) model specification that sets δ=2, γ=0, and the Taylor (1986) model specification that sets δ=1 and γ=0. Empirical literature shows that the power term is sample dependent and in in case of foreign exchange data often amounts between unity and two (Mitchell and McKenzie, 2008) . The component ARCH (CGARCH) model introduced by Engle and Lee (1999) decomposes the total conditional variance into permanent and transitory variance components by permitting transitory deviations of the conditional volatility around a time varying trend. The CGARCH specification is given by equations (8) and (9): (8) (9) where m t represents time varying long run volatility. Transitory component is represented by ( ) that converges to zero with powers of (α + β). Permanent component that converges to ω with powers of ρ. In case when γ ≠ 0 in equation (9) asymmetric effects are present and equation (9) represents asymmetric CGARCH form. In terms of criteria for selecting the best-fitting model, the Akaike information criterion (AIC) and Schwarz Criterion (SIC) are estimated and compared for all of the specified volatility models.
Empirical results and discussion
Following the methodology presented in Section 5, several ARCH based models are estimated, namely ARCH(1), GARCH(1,1), TARCH(1,1), EGARCH(1,1), PARCH(1,1), and CGARCH (1,1) . The results are summarized in Table 5 . Table  5 , TARCH, EGARCH and PARCH specification do not eliminate ARCH effect, so competing specifications to explain CHF/HRK daily rate returns are ARCH, GARCH and CGARCH. AIC and SIC indicate CGARCH as the best-fitting model to explain CHF/HRK daily exchange rate returns.
Long run shocks come as a consequence of the situation in the economy or events such as macroeconomic factors, while short-run volatility is generated with news and announcements. σ t 2 is stationary since ρ < 1 and α + β < 1 and non negative as well, since 0 < α + β < ρ < 1, 0 < φ < β, α > 0, β > 0, ω > 0. The asymmetric term is negative and significant suggesting higher volatility in case of CHF currency appreciation against HRK. ρ amounts 0.990292 and so m t approaches ω very slowly. Since α + β < ρ the transitory component decays more quickly than the permanent component such that the permanent component dominates forecasts of the conditional variance in CHF/HRK daily exchange rate returns. Using the same data sample, Table 6 summarizes estimates for EUR/HRK and USD/HRK CGARCH models. Following the results in Table 6 and results from Bošnjak et al. (2016) , GARCH (2,1) and GARCH (1,1) still remain the best-fitting models for daily return volatility of EUR/HRK and USD/HRK respectively. Comparing to the results for EUR/HRK and USD/HRK provided by Bošnjak et al. (2016) , here found CHF/ HRK volatility pattern behaviour is completely different. The results in Table 5 show asymmetric CHF/HRK volatility pattern toward CHF appreciation with dominant long run component that calls for additional regulations of LFCC approval and special treatment of exposures arising out of long run CHF/HRK exchange rate dynamics.
Conclusion
There are several conclusions that can be drawn out of research presented in this paper. First, transition processes in Croatia and other Central and Eastern European countries ended with deep financial integration with the global financial market. Deep financial integration, difference in interest rates in Croatia and Switzerland, lack of regulation of credit institution and unrecognized properties of the Swiss franc resulted in significant portions of loans with the foreign cur-rency clause to households. Second, since the Swiss franc had appreciated risk arising out of exposure to Swiss franc have started to materialize in the form of credit risk after 2010. Private individuals are exposed to Swiss franc appreciation and that has begged the question of moral hazard. Third, in order to determine the CHF/HRK behaviour pattern, several ARCH-based model are specified and tested. Evaluating the models through standard information criteria component ARCH (1,1) is found to be the best-fitting model. Asymmetric CHF/HRK volatility pattern toward CHF appreciation with dominant long run component calls for additional regulations of LFCC approval and special treatment of exposures arising out of long run CHF/HRK exchange rate dynamics. Eventually, potential future regulation should take into account long run perspective and not only the holding periods of ten days like it is often the case in financial institutions and corresponding risk management regulation standards.
